Introduction
Myeloproliferative neoplasms (MPNs) are cancers that originate from hematopoietic stem cells and are characterized by proliferation of myeloid cells. The classic Philadelphia chromosome-negative MPNs (Ph -MPNs) include polycythaemia vera (PV), essential thrombocythaemia (ET) and primary myelofibrosis (PMF) (1) . MPN patients usually exhibit elevated blood cells and splenomegaly. The JAK2V617F mutation is a diagnostic marker for MPN and it also plays an important role in patient treatment since inhibition of JAK2-associated proliferative pathways has the potential to inhibit cell proliferation in MPNs (2) . This mutation is present in ~95% of PV patients and 50% of ET or PMF patients (3, 4) . Thrombosis and haemostasis are major complications that affect the life expectancy of patients with MPN. The incidence of thrombosis ranges between 12 and 39% in PV patients, ranges between 11 and 25% in ET patients (5) , and is ~9.5% in PMF patients (6) . Several studies have shown that JAK2V617F + patients experience a significantly increased frequency of thrombosis complications compared with JAK2V617F -patients, and that the thrombosis complications are associated with the JAK2V617F + mutant allele burden (7, 8) .
Circulating microparticles (MPs) are small membrane vesicles that are shed from activated and/or apoptotic cells, such as platelets, endothelial cells and red blood cells. MPs express specific antigens that are present on the surface of their mother cells. MPs are considered to be biomarkers indicating the procoagulant state associated with a host of clinical diseases, including cancer, cardiovascular disease, sepsis and diabetes. Numerous studies have shown that the levels of circulating MPs are elevated in cancer patients, and that MPs contribute to the development of thrombosis-associated complications (9) (10) (11) . MPs trigger blood coagulation and are expressed by numerous types of cancer cells (8) . It has been suggested that the majority of MPs in cancer patients are derived from tumour cells (12, 13 
Materials and methods
Patients. Characteristics of the MPN patients included in the present study are listed in Table I Sample collection and preparation. Samples of peripheral venous blood (3 ml) were collected from patients with MPN and healthy control individuals into 3.2% sodium citrate tubes (containing 300 nM PGE1). Platelet-poor plasma (PPP) was obtained by centrifugation at 1,900 x g twice for 15 min and then stored at -80˚C until use. Samples were processed within 2 h of collection.
Detection of MPs by flow cytometry. After thawing, PPP was diluted in PBS (dilution, 1:10), with 5 µl of the aforementioned monoclonal CD235a-PE, CD61-PE, CD142-PE and CD62E-PE antibodies. Samples were incubated with the antibodies for 30 min in the dark at room temperature. Subsequently, 10 µl Flow-Count fluorescent microspheres was added to all tubes as a calibration for the calculation of the absolute concentration of MPs in PPP. MPs were resuspended and mixed in PBS prior to loading for flow cytometry. Rat anti-human IgG-PE (dilution, 1:100; cat. no. PA129628; Thermo Fisher Scientific, Inc., Waltham, MA, USA) was used as a negative control. Forward scatter was calibrated using fluorescent microspheres of 0.8 µm. Standard fluorescent microbeads (0-0.8 µm) in diameter were used to set the MP gate. The flow cytometer analysed 20,000 particles, and the number of MPs and fluorescent microspheres were presented in the upper right quadrant of the flow cytometric graph. All flow cytometry data were analysed using BD CellQuest Pro 5.1 software (BD Biosciences, San Jose, CA, USA). MP analyses were performed using the flow cytometer as previously described (14) . The absolute number of MPs was calculated using the following formula: (992x number of MPs)/(4x number of Flow-Count fluorescent microspheres).
JAK2V617F mutation detection.
Total genomic DNA was extracted from EDTA-anticoagulated peripheral blood samples using the UNlQ-10 Column Clinical Sample DNA Isolation kit (cat. no. B511341; Sangon Biotech Co., Ltd., Shanghai, China) according to the manufacturer's protocol. The JAK2V617F mutation was detected using allele-specific PCR, as previously described (15) . A sample of 80 ng of each patient's DNA was PCR amplified in the ABI 9600 machine (Applied Biosystems, Foster City, CA) using the specific forward primer (0.5 µmol/l), 5'AGC ATT TGG TTT TAA ATT ATG GAG TAT ATT 3', the internal control primer (0.5 µmol/l), 5'ATC TAT AGT CAT GCT GAA AGT AGG AGA AAG3' and the reverse primer (1 µmol/l) 5'CTG AAT AGT CCT ACA GTG TTT TCA GTT TCA3'. The thermocycler parameters were 36 cycles of 30 sec at 94˚C, 58˚C for 30 sec and 72˚C for 45 sec Subsequently, LDR products were analyzed with a DNA sequencer (model 377; Applied Biosystems; Thermo Fisher Scientific, Inc.). All assays were conducted without the knowledge of case or control status.
Statistical analysis. Statistical analysis was performed using SPSS 17.0 software (SPSS, Inc., Chicago, IL, USA). Data were expressed as the mean ± standard deviation. Two-tailed unpaired Student's t-tests were used for comparison between two groups. One-way analysis of variance with Dunnett's . It was also found that the abundance of the four types of MPs in patients with PMF was increased compared with patients with PV (P<0.05). No evident difference was identified between the MP levels in PV and ET groups, with the exception of EMPs (Fig. 1) .
MPs and MPN-associated thrombotic complications and splenomegaly.
In the present sample, 50 patients were diagnosed with splenomegaly and 42 patients were not diagnosed with splenomegaly. The mean concentration of RMPs, PMPs, EMPs and TF + MPs in the splenomegaly group was 189.9+370.9, 1,447.5+1,873.1, 1,092.1+1,518.9 and 157.9+403.4/µl, respectively, and these values were significantly increased compared with those in the non-splenomegaly group, which were 69.9±127.2, 381.1±656.8, 471.6±682.3 and 37.9±45.3/µl (P<0.05), respectively, as shown in Fig. 2A .
Among the 92 MPN patients, there were 23 patients with thrombosis complications and 69 without thrombosis. The 
Association between MPs and the JAK2V617F mutation.
The MPN patients were divided into JAK2V617F + (n=50) and JAK2V617F -(n=42) groups. PMP levels in the JAK2V617F + group were found to be increased compared with the JAK2V617F -group (Fig. 3A) . No statistically significant differe nces were observed between the levels of the three remaining MPs in the two groups (Fig. 3B-D) .
Discussion
MPs are small membrane vesicles that are secreted by almost all types of cells during activation, apoptosis or injury. Increased levels of procoagulant MPs in the blood may result in thrombogenesis (16) . Several animal studies have investigated and confirmed the function of MPs in cancer models. Yu et al (17) showed that mice with colorectal tumours showed increased levels of tumour-derived MPs, and the levels of circulating MPs were associated with tumour progression. Circulating MPs were also shown by Davila et al (18) to be associated with the activation of coagulation in mice with pancreatic tumours. A study by Thomas et al (19) showed that MPs enhance the development of thrombosis in mice.
MPs are potentially procoagulant and they have a crucial role in thrombosis and haemostasis. Scott syndrome is a bleeding disorder that is characterised by the diminished excretion of phosphatidylserine to the cell surface of activated platelets (20) . A large number of studies have detected elevated circulating MPs in cancer patients, and observed that the composition of MPs in cancer patients was different from that of healthy controls. Hron et al (21) found that patients with advanced colorectal cancer exhibited increased levels of MPs, which were almost exclusively derived from platelets (21) . A previous study found increased levels of MPs in patients with pancreatic and metastatic breast cancer compared to controls (22) . The MPs that are found in patients with acute promyelocytic leukaemia are mainly TF + MPs that are derived from promyelocytic cells, with low levels of PMPs, which may be the result of decreased platelet counts, as reported by Ma et al (23) . In addition, patients with venous thromboembolism (VTE) exhibit an increased level of MPs compared with patients without VTE (24) . At present, there has been little research into the role of MPs in Ph -MPN patients. Trappenburg et al (25) reported that ET patients have elevated levels of PMPs, EMPs and TF + MPs, with the exception of RMPs. However, to the best of our knowledge, no previous study has considered the variation in level of MPs in PV and PMF patients. As Trappenburg et al (25) described, ET patients have been observed to show increased von Willebrand factor, which is synthesized by endothelial cells and has an important role in platelet thrombus formation, accompanied by elevated MPs.
The plasma levels of four types of MPs (RMPs, PMPs, EMPs and TF + MPs) were evaluated in 92 Ph -MPN patients by flow cytometry. The present study reveals an increased number of MPs in MPN patients compared with controls. Additionally, it was found that RMPs were elevated in Ph -MPN patients and that MPs are elevated in patients with PV or PMF. No correlation between PMPs and platelet counts was identified, which may be due to the frequently abnormal platelet function of MPN patients. The increasing number of EMPs that was observed is indicative of endothelial cell activation. The ET-associated result is consistent with the previous findings of Trappenburg et al (25) . Increased numbers of MPs were observed in PMF patients compared with ET and PV patients, and the prognosis of PMF patients is less favourable than that of other MPN patients. Due to the limitation of a small number of patients in the present study, the impact of MPs on different phenotypes requires additional study.
Thrombosis and splenomegaly are common complications in MPN patients, and the former varies from mild microcirculatory disturbances to severe and potentially fatal complications, such as ischemic stroke and acute myocardial infarction. A previous study by Duchemin et al (26) documented increased thrombin generation in MPN patients. This result is compatible with previous observations in patients with other cancers (27) . Splenomegaly, resulting from extramedullary haematopoiesis, is present in almost all PMF patients and a subset of ET and PV patients at diagnosis. It is associated with systemic symptoms that have a negative impact on the quality of life and life expectancy (28) . Increased MPs may promote thrombosis in MPN patients with splenomegaly.
Among the patients in the present study, 23 patients showed various thrombotic complications and 69 cases did not show evidence of thrombosis, while 50 showed splenomegaly and 42 did not. The present results show that the levels of MPs in the group of patients with thrombosis were increased compared with those in the non-thrombosis group. The levels of MPs in the patients with splenomegaly were increased compared with those in the patients without splenomegaly. To the best of our knowledge, the present study is the first to describe the association between MPs, thrombosis and splenomegaly complications in Chinese patients with MPN.
The JAK2V617F mutation often occurs in patients with Ph -MPN. It has been reported that the JAK2V617F mutation is associated with the increased occurrence of thrombosis in MPN patients (29) (30) (31) . Marchetti et al (32) showed that ET patients with the JAK2V617F mutation were more procoagulant than patients without the mutation, and that JAK2V617F was the major determinant that contributes to increased thrombin generation. However, to the best of our knowledge, no previous study has addressed the association between the JAK2V617F mutation, MPs and thrombosis.
To evaluate the potential association between the JAK2V617F mutation and MPs, JAK2V617F mutation screening was performed by allele-specific polymerase chain reaction. A total of 17 PV patients (85.0%), 32 ET patients (53.3%) and 6 PMF patients (50.0%) were positive for the JAK2V617F mutation. The present study found that the concentration of PMPs in the JAK2V617F + group is increased compared with the group lacking the mutation. The increased level of PMPs observed in MPN patients with the JAK2V617F mutation indicates that the JAK2V617F mutation may enhance a hypercoagulable state.
In summary, the present study observed elevated levels of MPs (RMPs, PMPs, EMPs and TF + MPs) in patients with MPN. Increased values were present in patients with thrombosis or splenomegaly. In addition, increased MPs were also observed in JAK2V617F-positive patients, compared with JAK2V617F-negative patients. Therefore, MPs may be useful as a new biomarker for the development of thrombotic events in MPN patients. Additional prospective studies are required to better understand the relevance of MPs in different subtypes of MPN, and to explore their potential roles in the diagnosis and prognosis of MPN patients.
